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The aim of our study was to compare four algorithms for the measurement of respiratory resis-
tance in adults using the interrupter technique.
Four methods to estimate alveolar pressure from the mouth pressure during occlusion
were assessed in 122 normal adults (57 males, 65 females, aged 18e79 yr, mean
41.2  15.6): taking the mean oscillation pressure (Rint), performing a linear back extrapo-
lation (RintL) or a linear regression for the whole curve (RintRL), taking the end-occlusion
pressure (RintE ).
Mean values for Rint, RintL and RintRL in males were respectively 0.23  0.04, 0.22  0.04
and 0.22  0.04 kPa s L1, not statistically different. In females values were respectively
0.27  0.05, 0.26  0.05 and 0.26  0.05 kPa s L1, not statistically different. RintE was
higher than the remainder and was the only measure correlating weakly with morphometric
variables: RintE Z 1.152  (0.00152  age (yr))  (0.00382  height (cm)), r Z 0.31
(p < 0.05) in females; RintE Z 0.227  (0.00122  age (yr)) þ (0.00830  body mass index
(kg m2)) with r Z 0.34 (p < 0.05) in males.
We conclude that it is equivalent to estimate alveolar pressure from or extrapolating it to
the beginning of occlusion in healthy adults but when taking the end-occlusion pressure,
resistance is higher and depends in part on morphometric parameters.
ª 2008 Elsevier Ltd. All rights reserved.hysiologie et d’Explorations
ires de Strasbourg, Nouvel
rg Cedex, France. Tel.: þ33
ald@chru-strasbourg.fr
8 Elsevier Ltd. All rights reservedIntroduction
Optimal treatment of respiratory diseases requires regular
clinical follow-up and frequent evaluation of lung function.
While some of the variables are measured during forced
expiratory or inspiratory manoeuvres, others, like airway or.
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Figure 1 A: schematic diagram illustrating the evolution of
mouth pressure obtained after occlusion. After interruption,
the mouth pressure signal exhibits two distinct changes. The
730 M. Oswald-Mammosser et al.respiratory resistance, are measured during calm
breathing. The interrupter technique has become of
interest for the respiratory resistance measurement
because it needs only little co-operation. Moreover, it is not
influenced by a forced inspiratory manoeuvre which has
been shown to influence the FEV1 measurement in some
circumstances.1,2 Airway resistance is defined as the
difference between mean alveolar pressure and airway
opening pressure divided by flow measured at the mouth.
Flow and airway pressure at the mouth are easily
measured, but mean alveolar pressure cannot be measured
directly in routine. The interrupter technique assumes that
immediately after airflow interruption, mouth pressure
equilibrates with alveolar pressure. However, the occlusion
itself has an effect, and alveolar pressure changes almost
instantaneously after occlusion, due to the pressure
transference from the chest wall.3,4 After interruption, the
mouth pressure signal exhibits two distinct changes
(Fig. 1A). The initial pressure change is rapid and accom-
panied by oscillations; the second change is slower. The
first rapid change, DPinit, reflects the Newtonian resistance
pressure drop across the airways and the chest wall. The
second change, DPdiff, reflects stress adaptation of the
lung and chest wall, muscular activity and also pendelluft
(gas redistribution between regions of the lung at different
alveolar pressure at the time of interruption). Thus, various
estimates of alveolar pressure from the mouth pressure
during occlusion can be used to calculate the interrupter
resistance.
The aim of our study was to compare interrupter resis-
tance values for four algorithms proposed to evaluate
alveolar pressure. Resistance values measured by the
interrupter technique have been provided by earlier studies
in children,5e7 but such values are rather scarce in adults.
We found it of interest to compare different algorithms
since the estimation of the alveolar pressure from the
mouth pressure during occlusion differs in the commercially
available devices. This has already been assessed in an
earlier work8 but it included only few subjects. In other
studies9,10 respiratory resistance was assessed in large
series of healthy adults but using only one way of esti-
mating alveolar pressure during occlusion.9,10 With our
study we had the opportunity to compare different algo-
rithms, and especially to compare the Rint measured by
estimating alveolar pressure from the beginning of occlu-
sion with Rint obtained by taking the pressure at the end of
occlusion, during a same occlusion in 122 healthy adult
subjects.first (DPinit) is rapid and accompanied by oscillations; the
second change (DPdiff) is slower. B: various estimates of
alveolar pressure from the mouth pressure during occlusion. P:
averaging all the pressures from the first peak pressure to
25 ms after the beginning of occlusion; Pl: performing a linear
back extrapolation (least-squares line) from two points (which
are block averages of pressure over 10 ms) at 30 and 70 ms
after the first peak pressure with pressure extrapolated at
15 ms after the peak; C: various estimates of alveolar pressure
from the mouth pressure during occlusion. Plr: pressure
obtained by a linear regression performed from 15 ms after the
peak pressure to the end of occlusion with pressure extrapo-
lated at 15 ms after the peak; Peo: alveolar pressure estimated
from the end-occlusion pressure.Material and methods
One hundred and twenty-two normal adults (57 males and
65 females, aged 18e79 yr, mean 41.2  15) were
included in the study. None of the subjects had a history
of pulmonary or cardiac disease, they were no-smokers
and body mass index (BMI) was below 27. All of the
subjects underwent a clinical examination and, to exclude
an unknown obstructive syndrome, all of them performed
flowevolume curves according to the ATS criteria.11 Values
retained for FEV1 (first second forced expiratory volume)
and FEF25e75 (maximal mid-expiratory flow) were those
Interrupter respiratory resistance in adults 731obtained from the breath with the greatest sum of forced
vital capacity (FVC) and FEV1 (of three measurements
whose values did not differ from each other by more than
5%). In all cases were the Rint measured before per-
forming forced flowevolume curves since it has been
shown that a maximal inspiration may influence resis-
tance.1,2 All lung testing was performed with the Dyn’R
device (SpiroDyn’R, Muret, France). A written informed
consent was given by all subjects and the study was
approved by the institutional ethics committee of our
University Hospital.Table 1 Anthropomorphic and functional data for females
and males, expressed as mean  standard deviation when
normality test passed for the data and as median (range)
when normality test failed.
Females
(n Z 65)
Males
(n Z 57)
Age (yr)
(mean  SD)
39.5  14.4 43.1  16.9
Height (cm)
(median (range))
165 (156e180) 178 (166e190)*
BMI (kg m2)
(mean  SD)
21.5  1.9 23.0  2.4*
FVC (%pred)
(mean  SD)
107.7  12.2 105.1  13.6
FEV1 (%pred)
(mean  SD)
105.9  10.8 103.7  12.2
FEV1/FVC (%)
(mean  SD)
85.0  5.2 80.5  5.6*
FEF25e75 (%pred)
(median (range))
99.0 (63e177) 95.2 (53e137)#
*p < 0.001 for females vs males.
#p Z 0.04 for females vs males.
BMI: body mass index; FVC: forced vital capacity; FEV1: forced
expiratory volume in 1 s; FEF25e75: forced expiratory flow
between 25 and 75% of the forced expiratory vital capacity.Methods
Resistance measurements were performed at the sponta-
neous breathing frequency of the subject. During quiet
breathing, the occluding valve was actuated at an expira-
tory volume of 87.5% of the previous tidal volume measured
before occlusion and pressure transients at the mouth were
recorded during the 100 ms occlusion. The closing time was
6 ms and one occlusion was carried out every recorded
second expiration. All the subjects were in the sitting
position and connected to the device via a mouthpiece.
They wore a nose-clip with their cheeks being supported by
themselves. Rint was calculated by the following formula:
Rint Z (Palv  Pmouth)/V0, where Palv (alveolar pressure)
is estimated during the 100 ms occlusion, Pmouth (mouth
pressure) and V0 (flow) are taken at the mouth immediately
before the occlusion.
Four algorithms (Fig. 1B and C) to evaluate alveolar
pressure, from the stored data for each mouth pressure
during occlusion, have been compared: i) the mean oscil-
lations pressure obtained by averaging pressures from the
first pressure peak to 25 ms after the peak (Rint); ii) the
pressure obtained by a linear back extrapolation from two
points (which are block averages of pressure over 10 ms) at
30 and 70 ms after the first peak with the pressure
extrapolated at 15 ms after the peak (RintL); iii) the
pressure obtained by a linear regression performed from
15 ms after the first peak pressure to the end of occlusion
with the pressure extrapolated at 15 ms after peak
(RintLR); iv) the end-occlusion pressure measured at 100 ms
(RintE ).
A software automatically calculated the mean tidal
volume, mean flow and mean pressure used to calculate
Rint from the consecutive Rint data and selected those
with a flow and a pressure within the mean  1.5SD and
within mean  2.5SD for tidal volume. The mean value
of five technically satisfactory sequential measurements
was retained, as a minimum of five correct tracings are
usually recommended.5,12 In almost all subjects were
the five measurements normally distributed, thus we
used the mean value for our results rather than the
median value.
In a subgroup of 21 females and 21 males was the short-
term reproducibility assessed by calculating the coefficient
of variation of the mean value of the 5 consecutive baseline
measurements and the mean value of the 5 consecutive
measurements obtained after 15 min.
Rint are expressed as absolute values. FVC and FEV1 are
expressed as percentage of predicted values.13Statistics
Results are expressed as mean  SD when normality test
passed or as median (range) when KolmogoroveSmirnov
normality test failed.
The differences between females and males were
assessed by a t-test or a ManneWhitney Rank Sum Test if
normality failed. One-way ANOVA was used for assessment
of differences in Rint and coefficients of variation. If
normality or equal variance tests failed, a KruskaleWallis
one-way analysis of variance was performed.
Single regression analysis was performed between
morphometric variables.
The prediction power of the different anthropometric
parameters was assessed by a multiple linear regression
analysis.
Significance was set at the 5% level.
Results
In Table 1 are presented the characteristics of the subjects
included in the study. There was no difference for age
between females and males. The distribution of subjects by
age class was the following: 20e29 yr: 38 (21 females, 17
males); 30e39 yr: 26 (14 females, 12 males); 40e49 yr: 20
(11 females, 9 males); 50e59 yr: 20 (13 females, 7 males);
60e69 yr: 12 (4 females, 8 males); 70e79 yr: 6 (2 females, 4
males). Males were significantly taller and had a higher
mean BMI than females. Although FEV1/FVC and forced
expiratory flow between 25 and 75% of forced vital capacity
(FEF25e75) were significantly lower in males than in
females, these parameters were within the normal range
for both groups.
Figure 2 RintL (alveolar pressure estimated by the linear
back extrapolation from two points at 30 and 70 ms after the
peak pressure with the pressure extrapolated at 15 ms) vs
height in females and males.
732 M. Oswald-Mammosser et al.In Table 2 are presented the values of the different Rint
measurements. Rint values (for the 4 measurements) were
higher in females than in males (p < 0.001, Fig. 2). There
was no difference between Rint, RintL and RintRL values in
the male group or the female group. In both groups were
RintE significantly higher than the remainder.
In both groups height and weight were significantly
correlated (r Z 0.45 (p < 0.001) and 0.49 (p < 0.001) in
females and males respectively); there was no correlation
between age and weight but there was a significant inverse
correlation between age and height in females (rZ 0.37,
p Z 0.02). When performing a multiple linear regression
including sex, height, age and weight, sex was a highly
significant (p < 0.001) parameter included in the predictive
model. Thus, we gave separate results for males and
females.
When performing a multiple linear regression for corre-
lating Rint with age and height or age and weight or age and
BMI, RintE was significantly correlated in females with age
and height: RintE Z 1.152  (0.00152  age
(yr))  (0.00382  height (cm)) with r Z 0.31 (p < 0.05)
(Fig. 3). When performing the same analysis in males, RintE
was significantly correlated with age and BMI:
RintE Z 0.227  (0.00122  age (yr)) þ (0.00830  BMI
(kg m2)) with r Z 0.34 (p < 0.05) (Fig. 3). None of these
combined parameters influenced the three other Rint
measurements.
In Table 3 are presented the coefficient variation (CV) of
the five consecutive Rint measurements in females and
males. CV was slightly but significantly higher for RintE
measurements than for Rint in males and females.
Short-term variability was assessed with a 15-min
interval (Table 3) in 42 subjects (21 females and 21 males).
The subjects included in this subgroup were younger (36.5
(18e79) vs 40.0(20e74) yr, p Z 0.02) and had a lower BMI
(21.6  2.2 vs 22.6  2.3 kg m2, p Z 0.02) than the
remainder but did not differ with regard to the functionalTable 2 Rint results.
Females
(n Z 65)
Males
(n Z 57)
Rint (kPa s L1)
(mean  SD)
0.27  0.05* 0.23  0.04
RintL (kPa s L1)
(mean  SD)
0.26  0.05* 0.22  0.04
RintRL (kPa s L1)
(mean  SD)
0.26  0.05* 0.22  0.04
RintE (kPa s L1)
(mean  SD)
0.46  0.08*x 0.37  0.07x
*p < 0.001 for females vs males.
xp < 0.001 for RintE vs Rint, RintL, RintRL.
Rint: alveolar pressure estimated by the mean oscillation
pressure; RintL: alveolar pressure estimated by linear back
extrapolation at 15 ms from two points at 30 and 70 ms after the
first peak pressure with pressure extrapolated at 15 ms after
the peak; RintRL: alveolar pressure estimated by linear
regression performed from 15 ms after the peak pressure to the
end of occlusion with pressure extrapolated at 15 ms after the
peak; RintE: alveolar pressure estimated at 100 ms of occlusion
(end-occlusion).parameters. There was no difference for the short-term CV
between the four Rint measurements, nor in females nor in
males. There was no correlation between age and BMI and
the short-term coefficient of variation for this subgroup.
Discussion
The main result of our study is that there are no differences
in Rint values when estimating the alveolar pressure either
from the mean oscillation pressure at the beginning of
occlusion or performing a linear back extrapolation from
two points or a linear regression from the beginning to the
end of occlusion. Moreover, Rint, RintL and RintRL are not
influenced by morphometric parameters in a multiple
regression model. Other results of interest are i) RintE
values with estimation of the alveolar pressure from the
end-occlusion pressure are significantly higher than the 3
other Rint values, ii) when correlated with anthropometric
parameters, the variance of RintE explained by these
variables is weak, iii) Rint values are higher in females than
in males.
To the best of our knowledge, this is the first study
assessing four different algorithms to estimate alveolar
pressure during occlusion in a large series of adults.
Potential interest of RintE
The second component (DPdiff, Fig. 1A) of the pressure
changes recorded at the mouth during occlusion is not, in
normal circumstances, due to the airway resistance, thus
estimating the alveolar pressure from the beginning of
occlusion is a more accurate way to measure resistance.
Nevertheless, in obstructed patients, an occlusion time of
100 ms may not be sufficient to obtain a complete equili-
bration between the mouth and the alveolar pressure and
respiratory resistance may be underestimated. In such
subjects underestimation may be reduced by measuring
RintE rather than other Rint. This hypothesis must never-
theless be assessed by further comparing the different
algorithms in more or less obstructed patients.
Table 3 Reproducibility.
CV of 5 consecutive Rint mea
Females (n Z 65) Mal
Rint (%) (median (range)) 7.1 (1.5e20.1)* 6.8
RintL (%) (median (range)) 8.4 (2.4e23.6) 8.3
RintRL (%) (median (range)) 8.1 (2.7e23.2) 7.4
RintE (%) (median (range)) 9.0 (1.7e21.6) 8.7
*p < 0.05 for RintE vs Rint.
Rint: alveolar pressure estimated by the mean oscillation pressure; R
15 ms from two points at 30 and 70 ms after the first peak pressure wit
pressure estimated by linear regression performed from 15 ms after the
at 15 ms after the peak; RintE: alveolar pressure estimated at 100 m
Figure 3 Calculated vs measured RintE in females and
males; RintE : respiratory resistance with alveolar pressure
estimated from the end-occlusion pressure; calc: calculated,
meas: measured; d: regression line; - - -: identity line.
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Our results clearly show higher RintE values in comparison
to Rint, RintL and RintRL. In healthy subjects this is
explained by the fact that when estimating alveolar pres-
sure from the end-occlusion point, the measured resistance
includes clearly a component due to the stress adaptation
of the lung and chest wall, muscular activity and also
pendelluft.
In an interesting study, Phagoo et al.8 also reported, in
ten healthy adults (three females), higher values in Rint
when alveolar pressure was estimated from the end-
occlusion pressure when compared to Rint values with
alveolar pressure estimated from the end-oscillation pres-
sure or from a linear back extrapolation, as in our study.
Moreover, the median values of their Rint measurements
were 0.47 kPa s L1 using the end-occlusion estimation of
the alveolar pressure, significantly higher than the 0.24 and
0.27 kPa s L1 using the end-oscillation pressure and the
linear back extrapolation pressure estimation. These
results are near those we report in our present study.
Conditions of measurements
We recorded Rint while subjects held their cheeks. This is
important to minimise the effect of compliant upper
airways and, consequently, the increased equilibration
time between the mouth and the alveolar pressure, as has
already been reported for the plethysmographic14 and the
oscillation methods.15
In the present study, occlusion was always performed at
an expiratory volume of 87.5% of the previous tidal volume.
This was done to take into account the volume dependence
of respiratory resistance.16,17 This may be particularly
important when response to bronchial challenge or to
a bronchodilator has to be assessed, since changes in
volume are coupled with changes in airway resistance even
without any increase or decrease in airway tone.
In other studies, interruption was performed at specific
flows8,18,19 or resistance determined at an arbitrary same
pressure.9 Performing airway occlusion at specific flows
may be important whenever the system behaves in
a nonlinear manner. In their study, Eiser et al.19 observed
that, in normal subjects, the Rinteflow relationships (with
Rint measured for flows from 0.1 to 0.9 L s1) were
consistent, with narrow range of absolute values. In oursurements Short-term (15 min) CV
es (n Z 57) Females (n Z 21) Males (n Z 21)
(2.1e11.4)* 8.3 (0.1e23.3) 7.0 (1.0e25.4)
(1.5e23.0) 6.5 (0.1e34.3) 9.4 (2.2e54.1)
(1.9e17.9) 6.1 (0.0e30.4) 8.9 (0.3e27.5)
(2.5e17.0) 5.6 (0.1e21.2) 7.7 (1.8e26.4)
intL: alveolar pressure estimated by linear back extrapolation at
h pressure extrapolated at 15 ms after the peak; RintRL: alveolar
peak pressure to the end of occlusion with pressure extrapolated
s of occlusion (end-occlusion); CV: coefficient of variation.
734 M. Oswald-Mammosser et al.study, flow rates were generally 0.2e0.6 L s1 at the time
of occlusion, which probably does not influence much our
results.
Females vs males
In our study, Rint, whatever the algorithm used to estimate
alveolar pressure, were significantly higher in females than
in males. Identical results were reported by Vooren and van
Zomeren9 when resistance was determined with the
‘‘opening’’ interrupter technique. With this method, alve-
olar pressure and flow are measured shortly after the
opening of the interrupter valve (which occurred when the
interruption pressure reached a fixed value of 0.4 kPa).
Identical results have been reported by Guo et al.20 who
established reference values in subjects >65 yr old using
the forced oscillations: 0.22  0.06 vs 0.27  0.06 kPa s L1
in males and females respectively. It is noteworthy that
their mean resistance values are near those we measured
with the interrupter technique when alveolar pressure was
estimated from or extrapolated to the beginning of occlu-
sion. Since in the multivariate analysis sex appears as the
strongest predictor of Rint, the higher Rint values in
females may be due to narrower airways in comparison to
males even for a given height.
Reproducibility
Reproducibility for five consecutive Rint measurements is
good in males and in females. We observed a higher CV for
RintE than for the Rint measurements. Although this was
statistically significant, it is of little clinical importance,
the different coefficients of variation being of the same
magnitude. That RintE CV was high in comparison to the
Rint may be due to the fact that RintE not only includes
airway resistance but also a larger amount of lung resis-
tances than Rint, and consequently may present a higher
proportion to variability.
In 42 subjects we assessed also the short-term 15 min
reproducibility. Median value for short-term CV was less
than 10% as a mean, with no difference between females
and males nor between the different Rint measurements.
This can be compared with the short-term reproducibility
we observed in a previous study in healthy and asthmatic
children.6 Although subjects in the subgroup of short-term
reproducibility measurements were younger and had
a lower BMI, the short-term reproducibility we observed
reflects those of the whole group since there was no
correlation between CV and age or BMI.
Correlations with anthropometric parameters
In our series, RintE was significantly correlated with age
and height in females and with age and BMI in males.
Although the coefficients of regression are significant, they
are very low and less than 10% of the variance of RintE
could be explained by the parameters included in the
equation. This is illustrated by the poor agreement
between calculated and measured RintE (Fig. 3). Our
results agree with those of Vooren and van Zomeren9 who
reported identical results for the ‘‘opening’’ interruptiontechnique, with very low multiple correlation coefficients
for height, age and weight. The results of van Altena and
Gimeno10 are somewhat different. In their study, respira-
tory resistance was measured from the end-occlusion
pressure and the flow after the opening of the shutter. They
observed a significant correlation between Rint and height
and age. They observed no correlation with sex when height
was included in the equation. This was not the case in our
study. The discrepancies between the study of van Altena
and Gimeno10 and our present study may be due to the fact
that 45 out of 172 subjects included in the former study
were children or adolescents. In children, no gender
difference is generally found for Rint.6,7 This may hamper
the influence of sex in the study of van Altena and
Gimeno.10 Moreover, the high influence of height in the
prediction of Rint in the same study10 may be due to the
fact that, in children, Rint is highly correlated with
height.6,7
The negative coefficient of correlation for age we
observed in the RintE equation for females and males is
somewhat surprising since with ageing the flowevolume
curve suggests increased small airways collapsibility,21 but,
as underlined by Guo et al.,20 peripheral small airways
contribute only slightly to total airway resistance and do
not influence much the Rint measurements. Moreover, with
ageing lung compliance is decreased and this leads to
a distending of airways due to the decreased elastic
recoil.21 Pride22 also suggested that the changes in airway
elasticity with ageing may lead to a bigger circumference
for a given pressure in older airways. The negative corre-
lation between RintE and height in females may be a size
effect, a greater height being associated with larger
airways and lungs. We observed a positive correlation of
Rint with BMI in males. Our results are in agreement with
those of Landser et al.23 who reported increasing resistance
measured with the forced oscillation technique with
increasing weight. The factor which leads to such correla-
tion cannot be drawn from our study but it may be that
subjects with a higher BMI (although less than 27 in our
series) may have higher upper airway resistance.Conclusion
In healthy adult subjects Rint values are significantly
higher in females than in males. Estimating alveolar pres-
sure from the mean oscillation pressure at the beginning of
occlusion or by extrapolating a two-point or a linear
regression line back to the beginning of occlusion gave
similar results for resistance. In contrast, when alveolar
pressure is estimated from the end-occlusion pressure the
Rint values are notably higher than the remainder. Only
RintE were significantly related to age and height in
females and age and BMI in males in a multiple regression
analysis but the correlation coefficients (though signifi-
cant) are weak and explained less than 10% of the variance
of RintE in our study. Thus, from a clinical point of view
such equations are not useful for the population studied in
our present work.
The potential advantage of RintE compared to other Rint
measurements in obstructive patients deserves to be
further studied.
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